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Introduction. Today, 24-hour operations are necessary to meet the demands of our society
and the requirements of our industrialized global economy. These around-the-clock demands
pose unique physiologtcal challenges for the humans who remain central to safe and produc-

five operations. Optimal alertness and performance are critical factors that are.increasingly
challensed by unusual, extended, or changing work/rent schedules. Technological advance-
meats and automated systems can exacerbate the challenges faced by the human factor in
these environments.

Shift work, transportation demands, and continuous operations engender sleep loss and
cja_dian disruption. Both of these physiologmal factors can lead to increased sleepiness,

c_-i-eased performance, and a reduced marb_ of safety. Thole factors can h,lC'ZCasevuhaera-
bility to incidents and accidents in operations1 settings. The consequences can have both
societaI effects (e.g., major destructive accidents s_h as Three Mile Island, Exxon Valdoz,
Bhopal) sad personal effects (e.g., an accident driving homo after a night shift).

Alertness management strateeies. Alermess management strategies can minimize the
adverse effects of sleep loss and circadian disruption and to promote optimal alertness and
performance in operational settings. Clearly, no single strategy will fury address the sleepi-
ness and performance decrements engendered by 24-hour operational demands. Sleep and
c_adian physiology are complex, individuals are different, the task demands of settings are

different, and schedules are exu_mel.y diverse; therefore, it is naive to believe that a single
stramb,, / can address all of these conslderat/ons. It is more useful to consider, the range of
strategies available to opdmiz_ alertness and perfommnce in op0radona/setungs. A
combination of strategies may provide the greatest potential to meet these physiological
challenges.

Alertness management strategies can be categorized as preventive and _eradonal strategies
(ref. 1). Preventive strategies, which are used before a duty or shiR period, can address the
underlying physiological mechanisms associated with sleep and circadian factors. For
example, some preventive strategies might facilitate circadian adaptation prior to an altered
work/rest schedule, These might include the use of bright fight or melatonin to promote
circadian adulation before beginning a series of night shIRs. Other preventive strategies
taught promote sleep quantity and quality before a period, of sleep loss or disruption.
Operational strategies are used during a duty or shiR period to maintain performance and
alertness. These strategies might include strategic caffeine consumption, physical activity,

or social interaction. These strategies are intended to malnt.ain aleRness and performance
during an operational requi_., merit but may have no, or minimal, effect on underlying
physiological mechanisms (i.e., sleep loss and circadian disruption).

Naps as an alertness management strategy. Naps are a useful strategy that can be used in
both a preventive and an operational manner. As a preventive strategy, naps can be used
prophylactically to w.amtain alermess and performance during a subsequent period of pro-
longed wakefulness (refs. 2, 3). A nap can also be used to reduce the hours of continuous
wakefulness before a shift or duty period and the total hours awake at the end of the subse-
quent work period. For example, a shift w_ker who awakens at 0800, reports to a 2300
shift, and finishes the shift at 0700, is vmu'n/ng homo in the 24m hour of wakefulness. An
afternoon nap in the 1500-1700 window of sleepiness will decrease the number of continuous
hours of wakefulness to 14 (i.e., 1700-0700).

Naps also can be need as an effective operational strategy. Naps used to interrupt sustained
periods of wakefulness during a continuous operation can help to maintain the level of
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peaformance and _ormess (mrs. 4, 5). Studies have examined different nap lengths and

durations of subsequent wakefulness. A nap can be used u an alc,rtnoss ,management
technique during operations, such as in shiR weak and transportation envtronment_.

The following study is described to emphasize two points. First, it demonstrates the

effecliveness of a planned nap in maintaining alct_tness, and peaformanco in a mode of
transportation. Second, eanpiricai evaluation of potential alert.egg management stratcgiea
in actual ope_rational settings wi21be critical co their successfu/implementation. Long-haul
flight operations can involve multiple tim.,,o-zone changes and long duty periods, and can
engender sleep loss and circadian dlsrupt/on. Aa_otal reports, logbook studies, and
confidential incidont _ports to the Natiomd Aeronauti_ and Space Administration (NASA)
AviationSafetyReportingSystemclearlydemonstratethatasaconsequence,flightcrews

can experience spontaneousand unplannedsleepepisodes.A NASA/Fcdexai Aviation
Administration('FAA)studyexamined theeffectivenessofaplanned!n-flightnap tomaintain
performanceand alertnessinnon_ugn_nted thee.personlongolmulflightoperations(inf.6).

studyinvolvedthr_-p©_on,74"/-200aircraftflying_gularlyscheduledtranspacific
Rights. The trip schedule .revolved 8 flight logs in I2 days. E_h flight was about 9 hours
indurationwithan appmx.imamly 25-hourlayoverbetween flights. The volunteerflight
ct_wmembers w(x'erandomly dividedrotetwo groups:RestCroup and No-Rest Group.

PilotsintheRestGroup were provideda40-minute,planned,in-_ghtnap opportunityduring
cruise over water. One pilot rested while the other two crewmembers maintained the flight.

The nap op_ty was spentinth.ecockpitseat.The No-Rest Group had a4O.minut¢

controlperiod!dcnd_ed duringc_, duringwhich theywere insmJctcdtomaintaintheir
usualflighta_tWlties.Both groupswere evaluamd with thesame measures.Priorto,during,
and afterthetripschedule,flightcrewmembers completedad_ly logbookand wore an

_tig.,'aphtoegim_t© 24-hourresdactivitypatterns.Two NASA researchersaccompanied the
cr_'s dm'Ingth_few middlelegsof thetripscbedu]eforintensivemonitoring.Thisinvolved
continuousphysiologicalmonitoringofbrmn and eye activity and vigilancepedormancc
duringflight

On 93% of thenap opportunities,RestGroup ca_'wmemberswc_ ab!etosleep.They fell
asleepinabout6 minutesand sleptforabout26 mlnutcs.To deteraunetheeffectsof this
briefnap,subsequentperforman_ and physiologicalsleepinesswas compared between

groups.Tho No-Rest Group demons.lra.mdthoexpecmd performance profile.Their
performancewas reducedon nightflightscompared todays,attheendsof flightscompared

tobeginnings,and _'t_rmultipleflightlegs.The RestGroup,however,maintainedconsistent

p_rformancenightand day,attheend offlights,and afterm_.tipleflightlegs.Physiological
sleepinessw_ examined by anaiyT.Ingchangesinbrainelec_cal activityand eye movements
duringthelast90 minutesofflight,throughdescentand landing.IVficrcevcntsassociated

inthewithphysiologicalsleepinessoccurred No-Rest Group ata ratetwicethatof theRest
Group. The brief,planned,in-_ghtnap obtainedby _e RestGroup was associatedwith

bett_ subsequentperfornutaceand alertnessc.omparccttotheNo-RestGroup. Specific

•procedural.andsafetyguidelineswere utilizedm thestudytofac|litateopcration_Iimplemen-
tation.Part/allyasa resultofthisstudy,theFAA convened an aviationindustry/government
working group todraftadvisorymaterialtosanctioncontrolledreston theflightdeck. This
activityhas now been upgraded toaplannedregulation.

This study aLso emphasizes the need for empirical _valuafion of potential.alertness manage-
ment strategiesinoperationalsettings. While an_dotal reporUsuggestm_ in-_ght restis
used tomaintainalertnessand perfomumc¢ by .flightcrews,itisnotcurrentlysancUoned
under FederalAviationR_egulations.Itwas cnt/calm pmvid_ empiricaldataobtaln..odduring
usualoperationsbeforem_tory actionwould be c,onside_,d.Later,thisissuewillbe
discussod farther as it _ toimplementationof su'a_el_les.

Potentialnegativeeffectsof'mtpe. Therearetwo pomndal negativeeffectsofnaps that
should be considered prior to operational use. The first is sleep mertaa, the grog_ln_s,
disorientation, and sleepiness that can accompany awakening from deep sleep, Estimates on
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the duration of sleep inertia effects vary from a few minutes _, 35 minutes, though most
negative residual effects appear to dissipate in about 10-15 .minutes (ref. 7). Sleep inertia is
affected by a variety of factors(duration of deep sleep, circadian time of nap, etc.) and
therefore, specific predictions of its dur_on or seventy are difficult. Sleep inertia is an
important considenUion when naps an_ used m an operational setting. In the in-flight nap
study., a 2e-minute l_riod was allowed afar awakening from Chcnap to examine potential
inertia effects. This f,,,'wr should be conmdered if an operator is likely to have a nap
interrupted by an emergency r_uL, in_ quick response with a high level of performance,
However, this factor must be jud ,ged m relation to the potential benefits of improved
alertness and performance following a nap.

A secondpotentialnegative consequenceofnapsistheeffect on subsequentsleep periods.

A long nap,atcertaintimesoftheday,can disruptthequantityand qualityoflatersleep
periods(ref.g).While thenap can improvewaking alertnessand performance,itmight

increasesubsequentsleeplossby disruptinga latersleepperiod.The disturbancecould
affect both the duration of the sleep period and its infrastructure.

•No alertness management strategy will address all of the sl_pincss and performance
decrementsassociatedwithoperationalsleeplossand circadiandisruption.ItIsalsoclear

thateach strategywillpresentb0.thpositiveand potentiallynegativeconsequencesthatmust
be w©ighed priortoimplemen.ration.Thisreinforcestheideathatcombiningstrategies
providesthebeat way tooptimizeoperatior_dperformanceand alertness.

Implementation. Variousfactors shouldbe consid.credbeforeimplementingnaps or other
alertnessmanagement strategiesinreal-worldoperationalsettings.I)An identifiablebenefit:
an alertnessmanagement strategyshouldprovideaclearand identifiablebenefittothehuman
operatorand theoperationalenvironment(e.g.,increasedsafetymargin).Itshouldminimize
some adverseconsequenceorpromotea particularpositiveoutcome. 2)Opportunity:an
appropriateopportunityforimplementationshouldbe identified.Insome operational

circumstanc.es R may not be appropriate to consider a certain strategy (e.g., napping during a
shiftwithhighwork demand orpotentialforemergency). 3)CorporateclimateYculture: some
strategzesmay be explicitlyorimplicitlysupported,witheothersareactivelysuppressed.

4) Operationaldemands: thesl_ciflcwork demands and circumstancesofaparticularwork
environment may excludesome potentialstrategies.5) Safeguards: alertnessmanagement
strategies are intended to promote safety and productivity. Specific safeguards should be
employed to ensure that strategies do not negatively affect the safety margin.

Other cons/deratlons. As attention to issues of work hours, sleepiness, and accidents

increases,more approachesto addresstheissueswillemerge. The_fore,itwillbe critical
thatempiricalevaluationsbe u_d todemonstram aquantifiableposluveeffectofproposed
alertnessmanagement strategies.Empiricaldam willsuppo_ theimplementationofap- _
preaches that show a worthwhile effect and will expose ineffectual strategies. An tmportan_
aspect of these evaluations is a demonstration of effectiveness in actual operational setungs.
This challenges researchers to take significant and provocative laboratory findings and
translatethem to the complexityofreal-worlddemands. The premature application of
strategiesthatareeventuallydeterminedtobe ineffectivecancreatea backlashthatwill
impede the implementation of future approaches.

Combined strategiesshouldbe evaluatedtodeterminethepotentialemergenteffectsof

combination,For example,acomprehensivealertnessmanagement approachmight u,tillze
brightlightormelatonintofacUitatecircadianadaptation,strategiccaffeineconsumption
duringa window ofcircadiansleepiness,and a nap. Relianceon asinglestrategymay be less
effectivethancombining approaches.Guidelinesforimplementingstrategieskaa particular
environmentshouldbe developedand clearlystated,

Defining 'safety'and establishingwhat constitutesa 'si_ificantperformancedecrement'are
extremely difficult but Important tasks. These delimitations are essential to determining me
effects of work hours, sleepiness, and performance degradation on operational Jnc,idents and
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accidents, In turn, cvalua 'Un_ the effectiveness of alertn_s strategies in at_nuaCtng these
effcc_ rcl_ on the quanUtalive deW.ion and usessment of the effects. Clearly, these can
change with the specifics of a work setting, but this ares remains di_cult to quantify,

Finally, education and tz_ining programs provide crucial support to all of these activities
(e.g., ref. 9). Individuals involved In all ulcers, of24-hour o.perattons must be Inforracd of
the factors that pose challenges to human physiology. This xncludes undenttuding potential

adversestrategies to minimize effects and to promote o "pti_ alertness and performance
during operation.,. This information should be understood by operators, schedulers,
regulatory agencies, accident investigation personnel, and others.
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